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XXVI. Volatility of Thorium Active Deposit. By T .  BARRATT, 
A.R.C.S., B.Sc., and A. B. WOOD, M.Sc. 

RECXIVED APRS 21, 1914. 

I. -INTRODUCTION. 
.IN a Paper published in 1911 by E. Marsden and one of tis,* 
it was h t  proved that the two a-ray products contained in 
ThC are not 'successive, but belong to different branches of 
the thorium series. The following scheme of disintegration 
was suggested :- 

Th.A 
a 

B 
B 

I a = 8.6 cm8. 

The hypothetica,l product C,' was included in order to account 
Tor the fact that C, and C, appeared to be always present in the 
same relative proportions, viz., 35 : 65. This could not 
possibly be the case if C ,  came directly from B, unless C, had 
the  same period as C,. This, however, is unlikely, as the range 
.of C, is nearly double that of C,, and in the case of most other 
a-ray products of any particular radio-active family, Geiger 
'and Nuttall's rule that  log (transformation constant)/log 
{range) is a constant applies pretty closely. Marsden and 
Darwin,? after further experiments with thorium active 
.deposit, proposed the scheme :- 

8 Pa'* * ' fl  3 7  
______f D f l  

35% /?:;ins. 3.01 mine. 

* Marsden and Barratt, " Proc." Phys. Soo., 24, p. 60,1911. 
t Marsden and Darwin, " Proc." Roy. Soc., A, LXXXVII., p. 17, 1912, 
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In this arrangement C, and C, are supposed to represent, 
not  two different products, but the same product breaking 
down in two different ways, bne with the expulsion of an 
.a-particle, giving rise to D, the other emitting a p-particle, 
and forming C,,’which in its turn is transformed to an unknown 
substance on expelling an a-particle. 

Miss Meitner,* however, obtained results which seemed to 
indicate that the hypothetical substance C,‘ (or C,) could be 
-obtained free irom C, (or C,). On adding a few drops of 
stannous chloride to  an HCl solution of the active deposit, and 
dipping successive nickel plates in the solution, the C, appeared 
t o  be removed, leaving C, and D in solution. The latter was 
then boiled to dryness, divided into two portions, and, the D 
being first allowed to decay, activities measured by a and 
y-rays respectively. The y-curve rose from zero, showing that 
C,, and therefore also D (which produces the y-rays), had been 
removed by the nickel plates. The a-radiation, however, 
arising presumably from C,, did not commence from zero, 
showing that C, (with C,) had not been completely removed. 

Marsden and Wilson? repeated Miss Meitner’s experiments, 
and acknowledged obtaining sometimes the same results, but 
concluded on the whole that they were anomalous, and due 
mainly to the fact that, in the presence of HC1, C volatilises at  a 
comparatively low temperature. In their experiments the 
active deposit was heated to temperatures not accurately 
measured, but estimated a t  250OC. to 300°C. 

In view of these conficting results, it was -thought desirable 
to  attempt ta  separate the members of the active deposit by 
heating the latter to various accurately measured temperatures, 
and following the consequent changes of activity, making 
measurements of both a and /?-radiations. 

II.-PREVIOUS WORK ON VOLATILISATION. 

The first attempt to separate the members of the thorium 
active deposit by volatilisation appears to have been made by 
Miss Gatesf; in 1903. She obtained apparently a partial 
separation of B and C (t’hen known as A and B respectively). 
Two years later Miss Slaters heated for one or two minutes a 

* Lise Meitner, I ‘  Phys. Zeit.,” XIII., p. 623, 1912. 
t Marsden and Wilson, “ Phil, Mag.,” pp. 354-361, Aug., 1913. 
$ Miss Gates, “ Phys. Rev.,” 16, p. 300, 1903. 
5 Rliss slater, “ Phil. Mag.,” 9, 628, 1905. 

2 2  
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platinum wire coated with the active deposit to  temperatures 
up t o  about 1,300"C. B commenced to volatilise at 630°C., 
but no part of C was removed.til1 a temperature of 730 deg. was 
reached. At 1,280OC. the whole of B wa.s removed, and 99 per 
cent. of C ,  the small remaining activity (pres-ably measured 
by a-radiation) diminishing with a period of about one hour. 
The temperatures in these experiments were measured by a 
thermo-juncth. No /?-ray measurements were made, so 
that the results do not throw much light on the question of the- 
separability of the various products now known to be present. 
j.n the thorium series. 

III.-APPARATUS AND MEASUREMENTS. 
(a) Active Deposit Undissolved in Acid. 

A n  electric furnace, consisting of a porcelain tube wound 
with strip platinum, was employed for heating the active 
deposit to any required temperature. The internal dimensions 
were, approximately, length GO cm., diameter 4.5 cm., this 
large size ensuring that the volatilised portion of the deposit 
could easily escape, and would have little chance of settling 
once more on the plate on which it was originally deposited. 
The temperature was accurately measured by a platinum 
thermometer, contained in a tube of biscuit porcelain, in 
connection with a Callendar-Griffiths' " bride.," whose coils 
were carefully calibrated in the iisual way. The " ice " and 
" steam " points were determined, and verified from time to 
time. The &coefficient of the platinum was taken as 1.50. 
In order to ensure that the temperature of the active deposit 
was that indicated by the thermometer, the active plate was. 
placed in a small flat platinum " basket," which was hung on 
the thermometer near its extreme end. The active deposit 
was obtained from a preparation of mesothorium, very kind!y- 

By a simple arrangement the active 
deposit could be obtained on one side only of a platinum foil, 
and by a suitable adjustment of the conditions of exposure 
considerable variations in its activity could be obtained. In 
earlier experiments the results were somewhat variable, 
owing to the fact that the platinum used was not perfectly 
clean. The slightest trace of grease, &c., is enough to spoil an 
experiment, as the active matter is carried away when the 
grease evaporates. (This may possibly account for the com- 
paratively low temperatures of volatilisation obtained by Miw. 

l e n t  by Mr. F. H. Glew. 



VOLATILITY OF THORIUM ACTIVE DEPOSIT. 251 

Slater.*) Consequently the foils were strongly heated for 
some time in a blow-pipe flame before being exposed to the 
emanation. To check results, the active plates were frequently 
placed in the furnace in pairs. It was also found advisable 
not to use an electric field when exposing-the plates to the 
emanation, as in such cases a small percentage of ThX was 
usually found with the active deposit. This precaution also 
precluded the possibility of any appreciable quantity of active 
deposit from radium, which is always present in mesothorium, 
being attracted t o  the plates. In addition, an interval of at 
least five hours was allowed to elapse-after removal from the 
emanation-before any measurements of activity were made. 
The period of decay was then governed by that of ThB 
(10.6 hours). Small pieces of quartz were used in some experi- 
ments instead of platinum, but no difference was observed 
in the temperatures of volatilisation. This result is different 
from that obtained by Makowert in the case of radium 
active deposit. In every experiment measurements of the 
activity of the foil were made for some time before it was 
placed in the furnace, an Q or B-ray electroscope being used 
for the purpose. 
(i.) Measureme& by a-rays. 

The deposit was heated to the required temperature, in most 
cases for 15 minutes, as the volatilisatian appeared t o  be-to 
aome extent a time effect, and immediately after removal from 
the furnace the activity was again measured, and continued for 
several hours, until the decay was exponential, with the period 
.of ThB. 

Fig. 1 illustrates graphically the results of one of these 
experiments, The first part (A) gives the curve of activity 
before the plate was heated, the period of decay then being 
that of B. The active plate was in the furnace for a t,ime 
indicated by a-b. After removal from the furnace, the curve 
.of activity was much steeper, as is Bhown in the latter portion 
(B) of the curve. In order to calculate the percentage of C- 
activity removed by heating, the curve B was produced back 
to the point Q on the line Pc, which corresponds to  the time 
when the plate has been in the furnace four minutes. Previous 
observations had indicated that in this time, at  a given constant 
temperature, practically the maximum amount of active matter 
has been volatilised. The percentage of C removed is then 

* Miss Slater, Zoc. cit. 
t Makower, ‘‘ Le Radium,” 6, p. 50,1909. 
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given by 100 PQ/Pc. To calculate the percentage of B 
removed, readings were taken six or seven hours after the foil 
was heated. The values then observed were corrected (to the 
time of heating) for decay of B (period 10.6 hours), and the 
percentage reckoned as in the case of C. 

Big. 2 embodies the results of a great number of experiments 
of a similar k*hd a t  various temperatures, the measurements, 

0 1 2 
Time (in Houvs). 

FIQ. 1. 

3 

all being of the a-radiation. 
curves that :- 

perhaps at a temperature slightly lower than C .  

than of C is volatilised at  any given temperature. 

1,20O0C. 

I t  can easily be deduced from the 

1. Both B and C begin to volatilise at about 750°C. ‘-Bo 

2. Between 750°C. and 1,200OC. a greater percentage of B 

3. Volatilisation of both B and C is practically1complete:a.t 
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4. There is an inflexion of the C curve between. 750°C. - a d  
900°C ; in fact the curve is similar to two of the " €3 " curves 
placed end to  end. This points to the possibility that between 
750°C. and 900°C. only one a-ray product is being volatilised ; 
after 900°C. the curve becomes very much steeper, as if the 
second product is also being driven off. 

5. The inflexion occurs at a point where about 35 per cent. 
of the a-ray activity has disappeared. 

30 

20 

13 

0 
600 700 800 900 100' 1100 

Temperature Centigrada. 

FIO. 2. 

(ii.) Measurements by B-rays. 

In view of the fact, before mentioned, that the ratio of C, to 
C, is aa 35 : 65, t was recognised that the shape of the C curve 
was significant. In order to throw more light on the question 
similar experiments were conducted, employing this time the 
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&zadiation. The result of one of these experiments is exhibited 
in Fig. 3. 

1. There is at first a steep rise of the curve, undoubtedly 
due to the growth of D, which is known to be at any rate more 
vcjbtile than B or C.* 

2. The curve then descends with a period a little greater thaii 
that of C. * 

3. The activity after several hours decays with the period of B. 
As the result of many similar experiments at  various tempera- 

tures it was found that, us measured by /3-ruys, C does not begin 
to  volatilise till a temperature of about 900°C. is reached. It 

It is noticeable that :- 

50 

30 
Y -& 

10 

1 2 3 4 
Time (in Hows) aftw Removal from Furnace. 

FIQ. 3 .  

is significant that this temperature, again, is that at  which the 
second part of the C curve, as obtained by a-ray measurements, 
commences. A n  explanation of these observations will Le 
attempted in section IV. 

(b)  Experiments with the Active Deposit Dissolved in Acid. 
As some of the researches quoted? were carried out with the 

active deposit dissolved in acid, some experiments were done 
with solutions of the active substance in pure oonc. HC1, or 

* v. Lerch and v. Wertburg, " Wien. Ber.," 118, p. 1575,1909. 
t Mersden and Wilson, Miss Meitner, Zoc. cit. 
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HNO,. A s  a result it was found that in the case of the HN08 
solution volatilisation occurred at practically the same 
temperatures as before. With HCL, hovever, the activity 
disappeared at a much lower temperature, commencing, in 
fact, a t  about 300°C. In the case of solution in HNO,, as with 
the undissolved product, the deposit is probably in the form of 
an oxide, while the solution in HCL is no doubt a chloride. In 
this connection some rwults of Dr. Schrader’s* are interesting. 
He found that with the active deposit of actinium, volatilisation 
occurred at a much lower temperature if a platinum wire 
coated with it were first exposed to an atmosphere of chlorine. 
Russell? also discovered that in hydrogen RaC was volatile at 
360”C., while in oxygen the temperature had to be much higher. 
In Marsden and Wilson’s Paper, again, it is shown that ThC 
volatilises at about 300°C. when dissolved in HC1. 

(e) Volatility of Thorium D. 
As the result of experimenb similar to that exhibited 

graphically in Fig. 3 ( p  curve), i t  was concluded that D begins 
to volatilise a t  about 500°C. The active deposit, on a platinum 
foiI, and undissolved in acid, was heated for 15 minutes in the 
furnace at  various temperatnras. Up to 500°C. there was no 
break at all in the curve of activity as obtained by B-ray 
measurements. At this temperature, however, some of the 
D was removed (as was indicated by the initial rise of the curve 
after removal from the furnace). The same phenomenon 
was observed at higher temperatures, up to about 900OC. 
Beyond this temperature, however, provided the active plate 
was in the furnace long enough (e.g., 10 or 15 minutes) there 
was no perceptible rise of activity due to growth of D. 
Assuming that C, is removed almost entirely at 900°C., while 
C8 is not removed to any extent, this verifies the experiments of 
Marsden and Darwin, t and of one of  US,^ that D arises entirely 
from the 35 per cent. branch,viz., Ca. 

IV.-DISCUSSION OB THE RESULTS. 
The fact that volatilisation of both B and C commences at 

75o0C., and is not complete until about 1,2OO0C., precludes the 
possibility of an absolute separation of these two products 

* Schrder, “ Phil. Mag.,” 24, p. 125, 1912. 
t Russell, “ Phil. Mag.,” 24, p. 134, 1912. 
3 Marsden and Darwin, lot. a t .  
J A. B. Wood, “ Phil. Mag.,” pp. 588-5979 OOt., 1913. 
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from each other by this method. This wide range of tempera- 
ture seems rather remarkable. It may be that the oxides are 
gradually reduced to the pure metal, which is not volatilisable 
except at  a very high temperature. The case may be, in fact, 
similar to that of mercury, which, when heat,ed in air, oxidises 
at  a comparabely low temperature, and is again reduced to 
pure mercury at  a considerably higher one. A temperature 
greater still is then required to vaporise the metal. 

In order t o  explain the results already quoted in the present 
Paper it is evident that some modifications must be made in 
schemes of disintegration that have been proposed up to  now. 
The following arrangement appears t o  us t o  fit the facts better 
than any other we can devise :- 

B f a(6o ems.' 

a(8.6cms.) 

* E  
lo-" secs. 

It will'be observed that C,  is assumed to be a separatc 
product, which breaks up in two ways, 35 per cent. of the 
disintegration producing C ,  and 65 per cent. giving C,. As in 
the case of B and C (the latter taken as a whole), there is only a 
partial separation af the two products, but evidently C, is more 
readily volat.ile than C,. 

The scheme accounts for :- 
1. The branching of C, and C,. 
2. The differences in volatihty obtained in cz and ,%rap 

measurements respectively. Neglecting the small percenttge 
of B-radiation from D, which can easily be identified and allowed 
for, all the /3-activity measured in the present experiments 
comes from C,, as the base of the electroscope employed was 
too thick t o  be penetrated by the soft ,%rays from B. The 
experiments show then that C ,  is not removed to any perceptible 
extent until a temperature of 900°C. is reached, while C ,  
begins to volatilise at 750°C. 

3. The periods. of B and C (10.6 hours and 60.3 minutes, 
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respectively). On the above scheme the period of d is: 
governed by that of C,. This assumes, of course, that the 
period of C, is comparatively small (perhaps only a minute or- 
so). This will be discussed later. 

4. The inflexion in the curve of volatilisation of C. This has 
been already mentioned. 

5. The constant ratio of the activities of C ,  and C,. Several 
experiments were tried in the present research in order to test 
the const,ancy of this ratio. Measurements were taken of the 
activity of the plates before and after heating :- 

(Bee Section 111.) 

(a) With active plate uncovered ; 
(6) With plate covered with just sufficient aluminium foil t o  

stop the a-rays of range 4.8 cm. 
The ratio of activities (before and after heating) was about 

the same in both cases (a) +nd (6). This result, however, is 
easily explained if we make the assumption suggested in (3). 
above, i.e., that  the period of C,  is no more than a minute or so. 
It must be remembered that by far the greater proportion of 
the a-activity is produced by C, in virtue of- 

(a )  Its longer range (8.6 em. to 4.8 cm.). 
(b )  The fact that it gives twice as many a-particles. 
(c )  It produces its effect in both cases, whether the foil is 

covered or uncovered. 
It would therefore be difficult to prove the existence o r  

otherwise of a small amount of Ca. In any case, assuming that 
C ,  has a short period, the above scheme shows that C, and C, 
would each be in equilibrium (in the ratio of 35 to 65) with the 
common parent product C, in a very short time-almo&, 
in fact, before any reliable measurements of the relative a- 
activities could be made. 

As a great deal in the explanation given depends on the life 
of C, being considerably shorter than that usually attribvted. 
to  C as a whole (viz., 60.3 minutes), i t  is of importance to note 
that, in order to fit the relation given by Geiger and Nuttall,* 
the period of C, (with its range 4.8 cm.) should be only two 
qr three minutes. The range usually attributed to C, (4.8 cm.), 
was determined by Marsden and Barratt? by a scintillation 
method, which is well known to give lower results than the  
usual ionisation determinations .$ 

* Geiger and Nuttall, “ Phil. Mag.,’’ 22, p. 613, 1911 ; 23, p. 439, 1912. 
i- Marsden and Barratt, Zoc. cit. ; Barratt, “ Proc.” Phys. Soc., 24, p. 112 

3 Rutherford, “ Radioactive Substances and their Radiations,” p 161, 
1912. 

1913. 
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If the range were taken as 5-0 cm. (as given by some 
.experimenters),* then Geiger and Nuttd 's  relation woul(f 
assign a half-period of less than a minute to Ca. 
+3 

t -2  

+1 

-2 

-3 

-4 

O'b 0'7 
R(d 15'C.). 

FIG. 43 

0'8 

This is clearly shown in Fig. 4, the crosses indicating the 
positions that would be occupied by C, if i t3  half-period and 
range were respectively- 

1. 60.3 mins. ; 5.0 cm. 
2. 60.3 mins. ; 4.8 om. 
3. 40 secs. ; 5.0 cm. 

* Hahn, " Phys. Zeit.," 7, p. 456, 1906. 
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Experiments are in progress with the object of further 
elucidating the points raised above. The radium and actinium 
series are also being tested in a similar way ; and by heating 
these products in atmospheres of different gases it is hoped that 
further knowledge may be gained of the separability, &c., of 
the members of these series. 

Summary. 
1. By heating thorium active deposit to various temperatures 

up to 1,250”C. , i t  is found that B and C each begin to volatilise at 
750OC. (when measured by a-radiation), but vohtilisation is 
not complete until a temperature of about 1,200OC. is reached, 

2. The curve of activity of C is similar to two ‘‘ B-curves ’* 
in series, the inflexion occurring at  about 900°C., where about 
33 per cent. of the a-activity has been removed. 

3. When measured by its /?-activity, C volatilises at 900°C. 
and D a t  500°C. 

4. In explanation of these results, it is assumed that C, is n 
separate product, which breaks up in two ways, each with the 
expulsion of an a-particle, producing C, and C, as shown in 
the following scheme :- 

5. Temperature of volatilisation “in HNO;’ same as ordinary 
act,ive deposit. Temperature of volatilisation in HCI, 
300°C. for Th.B and C. 

The experiments have been carried out a t  the Woolwich 
Polytechnic, and our best thanks are accorded to the Principal 
an8 Governors of that institution ; also to Mr, E”. H. Glew, 
who very kindly lent us, for a considerable period, the meso- 
thorium used in the research. 

ABSTRACT. 
On heating thorium active deposit to  various accurately measured 

temperatures up to about 1,25OoC., i t  is found that B and C each com- 
mence to  volatilise at 75OoC., but the volatilisation is not complete 
until 1,2OO0C. is reached, the measurements being made by a-ray 
electroscope. The C a w e  is peculiar, being similar to two of the  
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B curves placed end t o  end, the inflexion occurring between 750°C. a n d  
9OO"C., where about 35 per cent. of the a-activity has been removed. 
When measured by @-radiation, C is not volatile until a temperature of 
900°C. is reached. 

To explain these results, it is assumed tha t  the part of C which 
produces the  @-rays-viz., Cp-is a separate product, which is not so 
readily volatile as C,. A suitable scheme of disintegration is suggested. 

D commences to volatilise at 500'C. 

DISCUSSION. 
Dr. R. S. WILLOWS congratulated the authors on their able treatment of 

.the subject. The suggested scheme met most of the requirements of the 

.case and was not in contradiction with any of the other known properties 
of the thoriuq series. He hoped the authors would extend their work 
t o  other radio-active series. 

Dr. S. Rnss drew attention to the apparent lack of parallelism between 
the characteristics of the thorium and radium series. The volatility of 
thorium B appeared to be not very different from that of thorium C, 
whereas in the radium series, radium B is the most, and radium C the 
least, volatile of the series. Again, the authors ooncluded that there was no 
.appreciable difference in the volatility of the thorium active deposit from 
a quartz or aplatinum surface, whereas there was an appreciable difference 
in the case of the radium active deposit as Dr. Mekower had shown. 

Mr. D. OWEN observed that one of the products was stated to  have a 
period of 10-11 second. He thought it hardly possible to  catch a product 
which only lived for t ha t  time. 

Mr. BARRATT said that only two surfaces were used, quartz and plati- 
num, on account of the high temperatures to which they had t o  be sub- 
jected. In  these cases there had certainly been no difference. When 
different acids were used, considerable differences were observed in the 
temperature of volatilisation. The period, 10-11 second, assigned t o  
Th Cz was simply in order to fit the Geiger-Nuttall relation. The curve 
.connecting log (U) and log (Range) is a straight line, and the period l W 1 l  
second was necessary to make the product fit the curve. 


